I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The global prevalence of overweight and obesity in children and adolescents has increased substantially over the past several decades.\[[@ref1]\] These trends are also visible in developing countries like India. Many studies done previously,\[[@ref2][@ref3]\] suggest that children and adolescents with risk factors such as obesity, dyslipidemia, elevated blood pressure and impaired glucose metabolism are at increased risk of developing atherosclerosis in adulthood.

High-sensitivity C-reactive protein (hsCRP) has been emerged as a novel biomarker for vascular inflammation associated with atherosclerosis.\[[@ref4]\] Accumulating evidence suggests that hsCRP, which is also found within macrophages of atheromatous plaques.\[[@ref5]\] However, there is no much data available that guarantee its utility as a marker of cardiovascular risk in obese children and adolescents. Hence, the present study was taken up to assess the metabolic abnormalities and its association with hsCRP in obese children and adolescents.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A total of 62 obese children and adolescents were consecutively recruited from our Department of Endocrinology and Metabolism, Nellore, Andhra Pradesh, India over a period of 14 months (October 2011 to December 2012).

Obesity was defined based on reference values stated in the Centers for Disease Control and Prevention growth chart (CDC charts). Children with body mass index (BMI) greater than the 95^th^ percentile for age and gender were classified as obese. Those with BMI equal to or exceeding 85^th^ percentile but, below the 95^th^ percentile are defined as overweight. Secondary causes of obesity such as hypothyroidism, Cushing\'s disease and other causes were excluded. Children with other chronic disease, hereditary disease or systemic inflammation were also excluded. None of the patients was taking any medication at the time of evaluation for the presence of insulin resistance (IR) and impaired glucose tolerance/diabetes mellitus. 24 age-matched healthy children were taken as controls. The criteria for healthy control group were no major medical illness and normal glucose tolerance test according to the American Diabetes Association criteria. The study was approved by the Institutional Ethical Committee and informed consent was taken from parents.

Physical examination included measurements of height (by a stadiometer measuring with accuracy of 0.1 cm), weight (by electronic weighing machine) and blood pressure were obtained. BMI was calculated as the weight in kilograms divided by the height in meters squared. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured at the right arm after 15-min rest in sitting position using manual sphygmomanometer.

Biochemical measurements {#sec2-1}
------------------------

After a 10-h overnight fast, venous blood samples were collected for laboratory evaluation of fasting glucose and insulin, triglycerides, total cholesterol and high-density lipoprotein (HDL) cholesterol and hsCRP. Glucose levels were measured by glucose oxidase and peroxidase method; triglycerides, total cholesterol were measured by the enzymatic and cholesterol oxidase methods respectively, HDL-cholesterol (HDL-C) were measured by direct immunoturbidimetry method. Low-density lipoprotein (LDL) were calculated by Friedewald\'s formula (LDL = TC -- \[TGL/5 + HDL\]). Glucose and lipid levels were measured by commercially available *in vitro* assay kits from Human GmbH on HUMASTAR 600 (fully automated chemistry analyzer), Max-Planck-Ring 21, Wiesbaden, Germany. hsCRP was measured by immunoturbidimetric method (APTEC technologies) on HUMASTAR 600 (fully automated chemistry analyzer). Insulin was measured by chemilumniscence using Beckman immunoassays on Beckman Coulter Access 2, CA, USA. Both intra-assay and inter-assay coefficient of variations were lesser than 3.6% and 4.8%, respectively. IR was calculated using homeostatic model assessment-IR (HOMA-IR) according to the formula (HOMA-IR = plasma glucose \[mg/dL\] × insulin \[mIU/L\]/405).

Statistical analysis {#sec2-2}
--------------------

All data were expressed as mean ± standard deviation. Statistical analysis was performed with SPSS 20.0. A statistically significant difference between two groups was assessed by the Student\'s unpaired two tailed t-test. Pearson\'s correlation analysis was performed to assess the relationship between hsCRP and other metabolic variables. A *P* \< 0.05 was considered to be statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

[Table 1](#T1){ref-type="table"} shows anthropometrical and biochemical characteristics of the study subjects. There is no significant difference between the study groups in terms of age and fasting plasma glucose. BMI, SBP and DBP were significantly elevated in obese children and adolescents compared to healthy controls. Fasting insulin levels (*P* \< 0.001) and IR calculated by HOMA-IR (*P* \< 0.001) and hsCRP (*P* \< 0.001) were significantly higher in obese children and adolescents when compared with the healthy control group. Obese children and adolescents had significantly higher serum total cholesterol (*P* = 0.005), triglycerides (*P* \< 0.001), LDL-cholesterol (LDL-C) (*P* = 0.006) and decreased HDL-C (*P* \< 0.001) compared to control group.
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[Table 2](#T2){ref-type="table"} shows Pearson\'s correlation analysis between hsCRP and metabolic variables. hsCRP showed a positive correlation with BMI (r = 0.357; *P* = 0.028), total cholesterol (r = 0.367; *P* = 0.008), LDL-C (r = 0.356; *P* = 0.01), insulin (r = 0.311; *P* = 0.026) and not with HOMA-IR (r = 0.244; *P* = 0.084). No significant association was found with BMI, triglycerides, HDL-C and HOMA-IR.
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Pearson\'s correlation analysis between hsCRP and metabolic variable

![](IJEM-17-360-g002)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study is first of its kind from the Indian subcontinent, which shows the evidence for the presence of early cardiovascular risk factors in obese children and adolescents. Many studies,\[[@ref6][@ref7][@ref8]\] have demonstrated a high cardiovascular risk profile in overweight and obese children and adolescents compared with a normal weight children.

In this study, compared with age matched and normal weight subjects, obese children and adolescents had higher SBP and DBP, total cholesterol, triglycerides, LDL-C, insulin, IR and hsCRP. In agreement with our study, Meyer *et al*.,\[[@ref6]\] showed higher SBP and DBP, higher concentrations of fasting triglycerides, insulin and hsCRP in obese children compared with the normal weight controls.

Similarly, in another study done by Iannuzzi *et al*.,\[[@ref9]\] demonstrated that obese children had higher levels of blood pressure, triglycerides, glucose, insulin, IR and CRP compared to the control group (100 obese children with 50 non-obese children). The probable mechanisms underlying this association with obesity is as follows; the cytokines such as tumor necrosis factor-α and interleukin-6 are released from adipose tissue and these cytokines stimulate the production of acute-phase proteins such as CRP in the liver.

Elevated hsCRP levels may be associated with the development of cardiovascular diseases and diabetes by means of a variety of mechanisms: altered sensitivity to insulin, increased liberation of adhesion molecules by endothelium, increase in hepatic production of fibrinogen and platelet coagulation factor.

In our study, hsCRP showed a positive correlation with BMI (*r* = 0.357; *P* = 0.028), total cholesterol (*r* = 0.367; *P* = 0.008) and LDL-C (*r* = 0.356; *P* = 0.01), insulin (*r* = 0.311; *P* = 0.026) and not with HOMA-IR (*r* = 0.244; *P* = 0.084). Similar to our study, Hatem *et al*.,\[[@ref10]\] showed a positive correlation between hsCRP with BMI (*r* = 0.35; *P* ≤ 0.01) and insulin (*r* = 0.30; *P* = 0.01). Furthermore, hsCRP showed significant positive correlation with SBP and DBP and triglycerides. However, in our study, there is no significant association between hsCRP and blood pressure, triglycerides and HDL-C. In another study done by Weiss *et al*., showed that there exists no statistical relationship between hsCRP levels and metabolic risk factors.\[[@ref11]\] The limitations of this study are: (1) Small sample size, (2) measurement of IR by HOMA-IR, not by the gold standard euglycemic glucose clamp technique.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Obese children and adolescents have significantly increased hsCRP compared with a normal weight group. Therefore, hsCRP seems to be an excellent cardiovascular marker in obese children and adolescents and could be a useful tool for the early diagnosis of cardiovascular risk factors among this population. Early intervention in these obese individuals can reduce the incidence of comorbidities in adulthood.
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